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Specification 

1 . Title of the Invention 

Remote IVIaifunction Diagnostic Device for an Air Conditioner 

2. Claim 

A remote malfunction diagnostic device for an air conditioner, wherein the device 
comprises a means for obtaining control data from an air conditioner housing a 
microcomputer controller, a means for obtaining operating data from the air conditioner, 
a means for diagnosing whether or not there is a malfunction in the air conditioner from 
the data obtained by the control data obtaining means and the operating data obtaining 
means, a display means for displaying the diagnostic results from the diagnostic 
means, and a command means for outputting an operational or shutdown command to 
the air conditioner based on the diagnostic results from the diagnostic means. 

3. Detailed Description of the Invention 
(Industrial Field of Application) 

The present invention relates to a remote malfunction diagnostic device for an air 
conditioner. 

(Prior Art) 

In a malfunction diagnosis for an air conditioner of the prior art, an air conditioner 
housing a microcomputer controller automatically checks for such things as an electrical 
disconnection of the room temperature sensor or heat exchange sensor, or operation of 
the overload protection switch in the compressor, and outputs the results to a display 
device such as an LED. 
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(Problem Solved by the Invention) 

The device of the prior art experiences the following problems. 

(1 ) The prior art can only check for electrical malfunctions. Prognosis or 
diagnosis of malfunctions fatal to an air conditioner, such as a mechanical lock up of 
the compressor or fan motor or a coolant leak, cannot be performed. 

(2) Because the malfunction display is simple, such as an LED, there is a high 
probability that complex malfunctions will not be diagnosed. Therefore, when 
information from multiple air conditioners is collected at a single location for diagnosis, 
remote control such as an emergency shutdown cannot be performed. 

(Means of Solving the Problem) 

The present invention uses the following means to solve these problems. 

In other words, the present invention is a remote malfunction diagnostic device 
for an air conditioner, wherein the device comprises a means for obtaining control data 
from an air conditioner housing a microcomputer controller, a means for obtaining 
operating data from the air conditioner, a means for diagnosing whether or not there is 
a malfunction in the air conditioner from the data obtained by the control data obtaining 
means and the operating data obtaining means, a display means for displaying the 
diagnostic results from the diagnostic means, and a command means for outputting an 
operational or shutdown command to the air conditioner based on the diagnostic results 
from the diagnostic means. 
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(Operation) 

In the present invention, control data is obtained from the target air conditioner 
using a means for obtaining control data. Similarly, operating data is obtained using a 
means for obtaining control data. The diagnostic means determines whether or not 
there is a malfunction in the air conditioner by performing a calculation using the data 
from the means for obtaining operating data and the means for obtaining control data in 
accordance with a predetermined program. The diagnostic results are sent to a display 
means and displayed on the display means. The diagnostic results are sent at the 
same time to a command means, and the command means operates or shuts down the 
air conditioner. In this way, a malfunction in the air conditioner is diagnosed 
comprehensively based on the control data and operating data, the diagnostic results 
are displayed, and a command is issued. 

(Working Examples) 

A working example of the present invention will now be explained with reference 
to FIG 1 through FIG 11. FIG 1 is a block diagram of all of the devices. FIG 2 is a 
configu rational block diagram of the remote malfunction diagnostic device (hereinafter 
referred to simply as the "diagnostic device"). FIG 3 is a configurational block diagram 
of an air conditioner unit (hereinafter referred to simply as the "air conditioner"). FIG 4 
is a flowchart for the central processor. FIG 5 is a timing data diagram. FIG 6 is a 
control data diagram. FIG 7 is an operating data diagram. FIG 8 is a flowchart for a 
compressor lock up. FIG 9 is a flowchart for a gaseous coolant leak. FIG 10 is a 
flowchart for a fan lock up. FIG 1 1 is a flowchart for an air filter blockage. 
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In FIG 1 , the indoor device 20 of the first air conditioner is connected to the 
outdoor device 22 via a connection line 23, and a remote control 21 is also connected. 
The indoor device 20 is also connected to a diagnostic device 1 by a control input line 3 
and a control output line 2. A second air conditioner is connected in similar fashion. In 
this figure, 5 is the control output line, 6 is the control input line, 24 is the indoor device, 
25 is the remote control, and 26 is the outdoor device. The diagnostic device 1 is 
connected to a computer via a telephone line 8. 

As shown in FIG 2, the diagnostic device 1 is equipped with a central processor 
15, a digital input device connected to control input lines 3 and 6, a digital output device 
13 connected to control output lines 2 and 5, an analog input device 1 1 connected to 
analog input lines 4 and 7, a display device 14 connected to an abnormal state LED 17 
and a normal state LED 18, and a telephone modem 16 connected to a telephone line 
8. A power source 19 and initial setting switch 50 are also connected. Analog input 
lines 4 and 7 are connected to a first air conditioner and a second air conditioner via 
analog-to-digital converters 9 and 51 , respectively. The first air conditioner is installed 
as shown in FIG 3. In this figure, the indoor controller 40 is connected to a control 
output line 2 and a control input line 3. It is also connected to the outside controller 41 
via connection line 23. The indoor controller 40 is also connected to the remote control 
21 , and to a thermistor 42 via a converter 43. It is also connected to a fan motor 30 via 
a controller 34. The outdoor controller 41 is connected to a compressor 31 , the outdoor 
fan motor 32 and a four-way valve 33 via their respective control devices 37, 38 and 39. 
These control devices 37, 38, 39 are connected to the controller power sources 35, 36. 
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These controller power sources 35, 36 are connected to the indoor controller 40 and 
the outdoor controller 41 , respectively. 

In this configuration, as shown in FIG 6, the indoor device 20 of the first air 
conditioner inputs from the control input line 3 to the diagnostic device 1 the operating 
mode set by the user from the remote control 21 , settings such as the indoor fan speed, 
room temperature sensor disconnections checked electrically, controller malfunction 
signals such as serial transfer malfunctions, the current values of control sensors such 
as the room temperature sensor and heat exchange sensor, and control command 
values such as the operational command for the compressor. The timing data shown in 
FIG 5 is inputted in a similar manner. These are introduced to the central processor 15 
via the digital input device 10 in FIG 2. The discharge pressure, intake pressure and 
discharge pipe temperature, etc., shown in FIG 7, serving as the operating data of the 
first air conditioner are obtained individually by the diagnostic device 1 . These are 
inputted as data from the analog input device 1 1 to the central processor 15 via the 
analog-to-digital converter 9 in FIG 2. The central processor 15 checks the initial data 
after the timing data, control data and operating data have been inputted based on the 
flowchart in FIG 4. Because this is used in the algorithm for diagnosing the next 
malfunction, the service personnel can press the initial setting switch 50 in FIG 2 during 
the next installation or inspection of air conditioners. The central processor 15 stores 
the data inputted from the digital input device 10 and the analog input device 1 1 at this 
time as the initial data. Next, it performs a malfunction signal output check from the 
indoor controller in FIG 6 in accordance with the flowchart in FIG 3, checks for a 
compressor lock up in accordance with the flowchart in FIG 8, checks for a fan lock up 
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in accordance with the flowchart in FIG 10, checks for a gas lead in accordance with the 
flowchart in FIG 9, and checks for air filter blockage in accordance with the flowchart in 
FIG 11. If a malfunction is not detected, the normal state LED 18 on the display unit 14 
in FIG 2 is turned on, and the process returns to the start point (a) in the flowchart. If a 
malfunction is detected, the details of the malfunction are sent to a computer at another 
site (not shown) via a telephone modem 16. As determination is made at the same 
time regarding an emergency shutdown of the first air conditioner. If the air conditioner 
is to be shutdown, a command is inputted to the indoor device 20 from the control 
output line 2. As shown in FIG 3, the first air conditioner is equipped with an indoor 
controller 40 and an outdoor controller 41 . As mentioned earlier, the indoor controller 
40 sends the data in FIG 5 and FIG 6 to the diagnostic device 1 via the control input 
line 3. When emergency shutdown control data is received from control output line 2, 
the fan motor 30 is shutdown via the control device 34 for the fan motor, and 
emergency shutdown control data is sent to the outdoor controller 41 . When this 
control data has been received, the outdoor controller 41 shuts down the compressor 
31 , the outdoor fan motor 32 and the four-way valve 33 via the control device 37 for the 
compressor, the control device 38 for the outdoor fan motor, and the control device 39 
for the four-way valve. Next, the abnormal state LED 17 on the display device 14 in 
FIG 2 Is turned on, and the process returns to the start point (a) in the flowchart in FIG 
3. A malfunction diagnosis is performed in the same manner for the second air 
conditioner. In this way, a malfunction diagnosis similar to one performed by an air 
conditioner specialist can be easily conducted. 
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(Effect of the Invention) 

As explained above, the present invention has the following effects. 

(1) The present invention has a high probability of detecting malfunctions such 
as gas leaks from the air conditioner, compressor malfunctions, fan motor malfunctions 
and air filter blockage. As a result, the malfunction can be detected and the air 
conditioner shut down before compressor damage occurs. In other words, major 
damage to the air conditioner can be prevented. 

(2) Remote monitoring and control can be performed if connected to a 
telephone line 8. As a result, service maintenance can be performed on several air 
conditioners from a single location. This lowers service costs. 

4. Brief Explanation of the Drawings 

FIG 1 is a block diagram of all devices in a working example. FIG 2 is a 
configurational block diagram of the diagnostic device in the same working example. 
FIG 3 is a configurational block diagram of an air conditioner to which the same working 
example is applied. FIG 4 is a flowchart for the central processor in the same working 
example. FIG 5 is a timing data diagram for the same working example. FIG 6 is a 
control data diagram for the same working example. FIG 7 is an operating data 
diagram for the same working example. FIG 8 is a flowchart for a compressor lock up 
in the same working example. FIG 9 Is a flowchart for a gaseous coolant leak in the 
same working example. FIG 10 is a flowchart for a fan lock up in the same working 
example. FIG 1 1 is a flowchart for an air filter blockage in the same working example. 



1 ... Remote Malfunction Diagnostic Device, 2, 5 ... Control Output Lines, 3, 6 ... Control 
Input Lines, 4, 7 ... Analog Input Lines, 8 ... Telephone Line, 9, 51 ... Analog-to-Digital 
Converter, 10 ... Digital Input Device, 11 ... Analog Input Device, 12 ... Timer, 13 ... 
Digital Ouput Device, 15 ... Central Processor, 16 ... Telephone Modem, 17 ... 
Abnormal State LED, 18 ... Normal State LED, 19 ... Power Source, 20, 24 ... Indoor 
Devices, 21, 25 ... Remote Controls, 22, 26 ... Outdoor Devices, 23, 27 ... Connection 
Lines, 30 ... Indoor Fan Motor, 31 ... Compressor, 32 ... Outdoor Fan Motor, 33 ... Four- 
Way Valve, 34, 37, 38, 39 ... Control Devices For Indoor Fan Motor, Compressor, 
Outdoor Fan Motor and Four-Way Valve, 35, 36 ... Power Sources For Indoor 
Controller and Outdoor Controller, 40 ... Indoor Controller, 41 ... Outdoor Controller, 
42 ... Thermistor, 43 ... Converter For Thermistor 42, 50 ... Initial Setting Switch 

Agent Akira Sakama, Patent Attorney (and 2 others) 
FIG 1 

22 ... Outdoor Device 
24 ... Indoor Device 
25 ... Remote Control 
26 ... Outdoor Device 
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Digital Input Device 
Analog Input Device 
Timer 

Digital Output Device 
Central Processor 
Telephone Modem 
Abnormal State LED 
Normal State LED 
Power Source 
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FIGS 




Power 
Source 




30 ... Indoor Fan Motor 

31 ... Compressor 

32 ... Outdoor Fan Motor 
33 ... Four-Way Valve 
40 ... Indoor Controller 
41 ... Outdoor Controller 
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FIG 4 
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1 ... start 

2 ... Input Timing Data 

3 ... Input Control Data 

4 ... Input Operating Data 

5 ... Start Only Initial Data? 

6 ... Store Initial Data 
16 { 

— j 1 7 Check Malfunction Signal 

Output from 
Indoor Controller 

8 ... Check for Compressor Lock 

9 ... Check for Fan Lock 

10 ... Check for Gas Leak 

1 1 ... Check for Filter Blockage 
12 ... Abnormal? 

13 ... Display Normal State LED 

14 ... Send Malfunction Data from 
Telephone Modem 

15 ... Stop Air Conditioner? 

16 ... Stop Air Conditioner 

17 ... Display Abnormal State LED 



* This initial data is all of the stored normal state operating data from the air conditioner for use 
during an installation or inspection by service personnel. 
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FIG 6 



Current Values From Control Sensors 




Room Temperature Sensor 




Heat Exchange Sensor 






Controller Abnormal State Signal 




Poor Serial Transfer (Y - N) 




CPU Malfunction (Indoor Controller) (Y - N) 




Room Temperature Sensor Disconnection (Y - N) 




Heat Exchange Sensor Disconnection (Y - N) 




Operation of Compressor Protection Device (Y - N) 




Operation of Heating Overload Protection (Y - N) 




Drain Pump Malfunction (Y - N) 


Setting Values 




Operational Mode (Heating/Cooling/Dehumidifying/Fan) 




Indoor Air Flow (High/Medium/Low) 




Set Temperature (18-30°C) 




Auto Swing (Y - N) 


Control Command Values 




Compressor Operation Command (ON-OFF) 




Indoor Fan Motor Tap Command (High/Medium/Low) 




Four-Way Operation Command (ON-OFF) 
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FIG 7 



Discharge Pressure 
Intake Pressure 
Discharge Pipe Temperature 
Intake Pipe Temperature 
Under Dome Temperature 
Compressor Electric Current 
Outside Temperature 



FIGS 




1 ... start 

2 ... Compressor Operation 
Command ON? 

3 ... Compressor Current > 200% 
of Initial Value? 

4 ... Compressor Current < 0.5 A? 

5 ... Compressor Determined to be 

Normal 

6 ... Return 

7 ... Discharge Pressure < 10 
kg/cm^? 

8 ... Operate Compressor 
Protection Device 

9 ... Compressor Lock Up 
Determined 

10 ... Fan Lock Up in Condenser 

Determined 
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FIG 9 



1 ... Start 

2 ... Intake SH Total (Intake Pipe Temp - Intake Pressure 

Saturation Temp) 

3 ... Intake SH > 200% of Initial Value? 

4 ... Gas Leak Determined 
5 ... Return 
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1 ... Start 

2 ... Intake Pressure > 200% of Initial Value? 

3 ... Fan Lock Up in Condenser Determined 

4 ... Intake Pressure < 30%? 

5 ... Fan Lock Up in Evaporator Determined 

6 ... Return 
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1 ... start 

2 ... Cooling Operation? 

3 ... Temp Difference Between Room Temp 

Sensor and Heat Exchange Sensor 
< 30% of Initial Value? 

4 ... Indoor Device Air Filter Blockage 

Determined 
5 ... Return 

6 ... Heating Operation? 

7 ... Temp Difference Between Room Temp 

Sensor and Heat Exctiange Sensor 

> 200% of Initial Value? 
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